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OUT OF THE FRYING PAN INTO THE FIRE: THE 
COMMUNITY STRUCTURE OF EPIPHYTES IN BRAZILIAN 
SAVANNA AFTER THE PASSAGE OF FIRE 


L. MENINI Neto!?, A.C. MARADINÍ, F.R. Moura’, P. Lima’ & 
S. G. FURTADO 


Cerrado sensu stricto (a physiognomy of the Cerrado domain, the Brazilian savanna) is subject to 
the annual occurrence of fire. Data on the epiphytic community in this physiognomy is scarce, as is 
evaluation of the influence of fire on its structure and composition. The aim of this study was to 
describe the structure of the vascular epiphyte community and its relationships with phorophytes in 
the Cerrado domain, Southeast Region of Brazil, after the passage of fire. We found the greatest 
abundance of epiphytes in the upper strata (65% of the individuals occurring above 3 m in height) 
and the dominance of three generalist species (Tillandsia streptocarpa, T. recurvata and Epiphyllum 
phyllanthus), suggesting that fire has an influence on the structure and composition of the epiphytic 
community. 


Keywords. Abundance, Cerrado, cerrado sensu stricto, dead phorophytes, epiphyte stratification. 


INTRODUCTION 


The Cerrado phytogeographic domain (Brazilian savanna) is an important global biodiver- 
sity hotspot (Mendonça et al., 1998; Myers et al., 2000; Silva & Bates, 2002); however, 
there is little information on its epiphytic synusia (Bataghin et al., 2012; Joanitti et al., 2017), 
probably due to the markedly seasonal nature of the vegetation. Our knowledge is much 
more concentrated in ombrophilous environments (Benzing, 1990), where studies in the 
Neotropical region are common and for which we currently have a better understanding of 
epiphyte ecology (e.g. Sugden & Robins, 1979; Bittner & Trejos-Zelaya, 1997; Tremblay & 
Castro, 2009; Kersten, 2010; Blum et al., 2011; Furtado & Menini Neto, 2015, 2016, 2018). 

There is climatic seasonality in the Cerrado domain, with a mean annual precipitation of 
1500 mm, of which 90% is concentrated between October and March, resulting in rainy summers 
and dry winters (Malheiros, 2016). The absence of a canopy in the vegetation physiognomy, 
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which is mainly composed of isolated trees (IBGE, 2012), further limits water availability, 
presenting a hostile environment for epiphytes. This feature probably affects the vertical 
distribution of epiphytes along phorophytes (stratification), as this is conditioned by gradients 
of light and humidity (Johansson, 1974; ter Steege & Cornelissen, 1989; Parker, 1995; Krômer 
etal., 2007; Dislich & Mantovani, 2016). According to Benzing (1990), vertical stratification in 
such an environment is reduced or absent, due to little variation in luminosity and humidity 
between soil level and the canopy of the trees. Conversely, in physiognomies subject to 
the occurrence of fire, such as those of the Cerrado (Mistry, 1998), its influence could be a 
disturbing feature impeding or decreasing the establishment and maintenance of epiphytes in the 
inferior strata of phorophytes, especially on trunks (Adams & Lawson, 1984; Bartareau & 
Skull, 1994; Zotz, 2016), resulting in a concentration of individuals in the canopy of the trees, 
far away from fire. 

Studies dealing with the influence of fire on epiphytes are scarce, for both vascular (Adams 
& Lawson, 1984; Cook, 1991; Robertson & Platt, 1992; Bartareau & Skull, 1994; Robertson 
& Platt, 2001) and non-vascular communities (Brasell & Mattay, 1984; Benscoter, 2006; 
Saxena et al., 2009; Pharo et al., 2013). There are no studies to date on the influence of fire on 
the epiphytic synusia in Brazilian Cerrado, and knowledge is poor even in other ecosystems 
(Robertson & Platt, 2001), justifying and reinforcing the relevance of the present study. 

Our aims were therefore to describe the structure of the vascular epiphyte community 
and its relationships with phorophytes in the Cerrado domain, Southeast Region of Brazil. 
Because the community was studied after a fire event, we also seek to provide data that 
could be useful for studies on the influence of fire on epiphytes in the Cerrado. 


MATERIALS AND METHODS 
Study area and sampling 


The study was conducted in August 2014 in the Parque Estadual do Rio Preto, Diamantina 
Plateau, which is part of the Serra do Espinhaço, located in the Cerrado domain, north 
central Minas Gerais, Brazil (Fig. 1). The park has an area of 12,000 ha and is delimited by 
the Rio Preto basin (43º18'-43º21'W, 18º14'-18º03'S), between 700 m and 1826 m in 
altitude. The vegetation comprises a mosaic of campo rupestre, cerrado sensu Stricto and 
seasonal semideciduous forest (Versieux et al., 2010). The climate is Cwb according to the 
Köppen classification, with precipitation and temperature means of 1250-1500 mm and 
18-19ºC, respectively (Neves et al., 2005; Versieux et al., 2010). 

The cerrado sensu stricto (woodland) is one of the savanna physiognomies of the 
Cerrado domain and is characterised by the presence of short, inclined and tortuous trees 
with irregular and twisted branching, subject to the annual occurrence of fire (Ribeiro & 
Walter, 1998; IBGE, 2012). Within the study area, it is represented by trees with an average 
height of about 5 m, frequently in contact with areas of campo rupestre, and occurring on 
rocky outcrops in some places (personal observation). 

For sampling, we considered an existing trail to represent a transect 5 km long and 10m 
wide at an altitude of between 750 and 800 m, near to the ecotone of cerrado sensu stricto 
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Fic. 1. Location of the study area, Parque Estadual do Rio Preto, Minas Gerais, Brazil, and 
distribution of the studied phorophytes (modified from Google Earth). 


and campo rupestre on the western margin of Rio Preto. This area presented evidence of 
fire, such as carbonised wood and resprouted plants; according to park employees, the fire 
had occurred in the previous year (2013). All trees along the track with vascular epiphytes 
present and a diameter at base height > 10 cm (named phorophytes) were recorded. Fifty 
phorophytes were sampled; the vascular epiphytes were identified and counted, and the 
height of epiphytes on phorophytes was measured with a graduated stick. 

We established five height categories: A, 0-0.99m; B, 1-1.99m; C, 2-2.99m; 
D, 3-3.99m; and E,>4m. We chose this method for division of strata, because the 
phorophytes had very irregular branching. 


Data analysis 
To describe the structure of the vascular epiphytic community, we calculated abundance 
(number of individuals in each strata) as well as absolute frequency (AF) and relative 
frequency (RF), according to Waechter & Batista (2004): 
AF; = (Nphi/Npha).100 


In these equations, Nph; is the number of phorophytes occupied by epiphyte species i and 
Nph, the total number of phorophytes in the sample. 
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The ecological categories adopted were characteristic epiphyte (plants genuinely 
epiphytic, with one to several modifications for epiphytism), facultative epiphyte (plants 
presenting such modifications but inhabiting trees and the ground interchangeably) and 
accidental epiphyte (plants possessing no special modifications for epiphytism) (Benzing, 
1990; Zotz, 2016). 

Analysis of stratification was performed with the five most abundant species (totalling 
nearly 95% of the sampled specimens). The other species were accidental epiphytes or had 
sporadic occurrences. To evaluate differences in the abundance of epiphytes between 
phorophyte strata (height categories), we used the non-parametric test of Kruskal-Wallis, 
because the data did not present a normal distribution (Magurran, 2011). 

Statistical analysis was performed using the PAST 3 software (Hammer et al., 2001). 


RESULTS 


We recorded 273 specimens of vascular epiphytes, belonging to six families, 10 genera and 
12 species (data summarised in Table 1). We found only angiosperms, with the richest 
families being Bromeliaceae (four species) and Orchidaceae (three species). Cactaceae was 
represented by two species (of which one was an accidental epiphyte), and the remaining 
families (Araceae, Gesneriaceae and Portulacaceae) were represented by only one species 
each, the last being accidental. There was a strong dominance of three species: Tillandsia 
streptocarpa Baker and T. recurvata (L.) L. (Bromeliaceae), with 121 and 71 individuals, 
respectively, and Epiphyllum phyllanthus (L.) Haw. (Cactaceae), with 35 observed 
individuals (totalling 83.5%). 

The epiphytes were found on 12 species of phorophyte (data summarised in Table 2), of 
which Aspidosperma dispermum Miill. Arg. (Apocynaceae) was the most frequent, with 21 
individuals, hosting 10 of the 12 recorded species of epiphyte. It was also noteworthy that 
seven individuals of dead, unidentified phorophytes hosted specimens of 58% of the 
epiphyte species sampled in this study. 

The five most abundant species (Tillandsia streptocarpa, T. recurvata, Epiphyllum 
phyllanthus, Catasetum barbatum (Lindl.) Lindl. and Billbergia zebrina (Herb.) Lindl.) 
represented the highest concentration of individuals above 3 m, where more than 65% of 
sampled epiphyte specimens occurred (Fig. 2). The Kruskal-Wallis test showed a 
significant difference in abundance between the two highest strata (D and E) and the 
lowest stratum (A), and between the highest (E) and second highest (B) strata (H = 9.92, 
H. = 10.03, P = 0.04). 


DISCUSSION 
Composition and structure of the community 


The families recorded (Araceae, Bromeliaceae, Cactaceae, Gesneriaceae, Orchidaceae and 
Portulacaceae), except for the Portulacaceae with a single accidental species, are often the 
most important for vascular epiphytes, both in the Neotropical region (Gentry & Dodson, 
1987) and globally (Benzing, 1990; Zotz, 2013, 2016). In the Cerrado domain specifically, 
Bataghin et al. (2012) and Joanitti et al. (2017) also found the Bromeliaceae and 


TABLE 1. Species of vascular epiphytes recorded in the study area of Parque Estadual do Rio Preto, Minas Gerais, Brazil, and evaluated parameters 


Height category 


No. of A B Cc D E 

Species Family EC Dispersal Abundance AF RF Phorophytes (0-0.99 m) (1-1.99 m) (2-2.99 m) (3-3.99 m) (2 4) 

Tillandsia streptocarpa Baker Brom FE Ane 121 44 28.21 22 0 13 23 41 44 

Tillandsia recurvata (L.) L. Brom CE Ane 71 20 12.82 10 0 4 26 16 25 

Epiphyllum phyllanthus (L.) Cact CE Zoo 35 34 21.80 17 4 3 3 15 10 
Haw. 

Catasetum barbatum (Lindl.) Orch CE Ane 19 18 11.54 9 1 0 2 1 15 
Lindl. 

Billbergia zebrina (Herb.) Brom CE Zoo 13 20 12.82 11 0 3 3 3 4 
Lindl. 

Bulbophyllum cf. weddelii Orch FE Ane 4 4 256 2 0 0 0 0 4 
Rchb.f. 

Bulbophyllum sp. Orch CE Ane 4 4 256 2 0 3 1 0 

Aechmea bromeliifolia Brom FE Zoo 2 4 256 2 0 1 0 0 1 
(Rudge) Baker 

Anthurium aff.minarum Arac FE Zoo 1 2 1.28 1 0 0 1 0 0 
Sakur. & Mayo 

Cipocereus minensis Cact AE Zoo 1 2 1.28 1 0 0 1 0 0 
(Werderm.) F.Ritter 

Portulaca hirsutissima Port AE Zoo 1 2 0.02 1 0 1 0 0 0 
Cambess. 

Sinningia sp. Gesn CE Ane 1 2 1.28 1 0 1 0 0 0 





AE, accidental epiphyte; AF, absolute frequency; Ane, anemochory; Arac, Araceae; Brom, Bromeliaceae; Cact, Cactaceae; CE, characteristic epiphyte; EC, ecological category; 
FE, facultative epiphyte; Gesn, Gesneriaceae; Orch, Orchidaceae; Port, Portulacaceae; RF, relative frequency; Zoo, zoochory. 
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TABLE 2. Phorophyte species and families, and parameters of richness and abundance of epiphytes 
recorded in the study area of Parque Estadual do Rio Preto, Minas Gerais, Brazil 


Phorophyte No. of No. of 
Phorophyte species family phorophytes” epiphytes” Richness” 
Aspidosperma dispermum Mill. Arg. Apocynaceae 21 108 10 
Dead -= 7 18 7 
Senegalia polyphylla (DC.) Britton Fabaceae 5 13 3 
Amaioua guianensis Aubl. Rubiaceae 4 41 2 
Caryocar brasiliense Cambess. Caryocaraceae 3 8 3 
Kielmeyera coriacea Mart. & Zucc. Calophyllaceae 2 41 2 
Unidentified species 1 — 2 13 1 
Eremanthus sp. Asteraceae 1 4 2 
Hymenaea stigonocarpa Fabaceae 1 1 1 
Mart. ex Hayne 
Qualea dichotoma (Mart.) Warm. Vochysiaceae 1 3 1 
Schefflera macrocarpa Araliaceae 1 1 1 
(Cham. & Schltdl.) Frodin 
Unidentified species 2 — 1 21 
Unidentified species 3 — 1 1 1 


à Number of phorophytes belonging to the species. 
> Number of epiphyte specimens found on the phorophyte specimens. 
“Number of epiphyte species found on the phorophyte species. 
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Fic. 2. Height distribution in the phorophytes of the five most abundant species of epiphyte in the 
study area of Parque Estadual do Rio Preto, Minas Gerais, Brazil. 


Orchidaceae to be the richest families of angiosperms. The absence of the Polypodiaceae in 
our area is noteworthy, because it is one of the richest families of vascular epiphytes and 
includes several species adapted to dry or seasonal environments, in particular the genus 
Pleopeltis, which includes poikilohydrous species, or at least species with high desiccation 
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tolerance (Kessler & Siorak, 2007; Zotz, 2016). Both Bataghin et al. (2012) and Joanitti et al. 
(2017) listed Polypodiaceae as among the three richest families of vascular epiphytes, 
although in both cases they were studying forest Cerrado physiognomies rather than savanna 
ones. It is possible that seasonality has stronger effects in a more open vegetation, such as the 
savanna physiognomy, limiting the occurrence of Polypodiaceae in the studied area. 

The three dominant species (Tillandsia streptocarpa, T. recurvata and Epiphyllum 
phyllanthus), which together accounted for 83.5% of the sampled abundance, have a wide 
distribution throughout the Neotropical region and are adapted to a broad spectrum of 
habitats (Taylor & Zappi, 2004; Paixão-Souza, 2016; BFG, 2018). Both Tillandsia species 
are part of a lineage composed of atmospheric plants adapted to adverse conditions and a 
high hydric deficit. Epiphyllum phyllanthus is a widely distributed Cactaceae species in 
eastern Brazil, and one of the few epiphytic species of the family that occurs in the Cerrado 
domain (Taylor & Zappi, 2004; BFG, 2018). Its seedlings have a high capacity to survive 
without water, and this feature is presumably responsible for its prominent occurrence in 
this limiting habitat. 

The high frequency of Aspidosperma dispermum as a phorophyte is probably associated 
with its profound rhytidomal fissures, facilitating the retention of resources such as humidity 
and nutrients, and consequently the establishment of epiphytes (Benzing, 1990; Zotz, 2016). 
The occurrence of seven species of epiphyte on dead phorophytes (totalling more than half of 
the species recorded) is noteworthy, because there is an expected reduction of substrate after 
the death of a tree, due to the loss of branches and detachment of the rhytidoma, this often 
being followed by a decrease in epiphyte richness (Taylor & Burns, 2015). However, this 
result suggests that standing dead trees are capable of maintaining part of the epiphytic 
community, depending on the resistance of the wood to putrefaction. This is especially 
important for epiphytes in savannas, which are characterised by low tree density (Ribeiro & 
Walter, 1998), consequently reducing substrate availability. 


Vertical stratification as a response to fire? 


Benzing (1990) states that a lack or reduction of stratification of epiphytes in woodlands is 
due to intrinsic features of this vegetation physiognomy. Thus, our result (elevated 
abundance above 3 m in height, totalling more than 65% of individuals) suggests that 
fire can influence the distribution of plants and that they have greater success when 
established in the upper strata of phorophytes in this type of environment that is prone to 
fire. A similar result was found by Bartareau & Skull (1994) for epiphytic orchids on 
Melaleuca viridiflora Sol. ex Gaertn. (Myrtaceae) in woodlands in Australia. In our study, 
the height at which most individuals occur seems to be sufficient for the epiphytes to avoid 
direct fire, because Castro & Kauffman (1998) indicated that the fire height limit in cerrado 
sensu stricto varies between 2.7 and 2.9 m. 

The flames consume the herbaceous stratum but seldom the arboreal plants (Miranda 
et al., 1993), and the intensity, speed and height of the fire vary according to the 
physiognomy (field, savanna or forest), with larger values in field environments that 
decrease with an increase in the height of vegetation (Miranda et al., 2010). Thus, epiphytes 
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that are distributed in the higher strata of phorophytes maintain their substrate and are 
protected from the direct or even indirect action of the fire, because the temperature and 
duration of the heat pulse vary according to height (Miranda et al., 1993). The greater the 
height at which it is established, the less likely it is that the epiphyte will be affected, although 
the flow of hot air is still a potential source of damage (Kayll, 1968; Wright, 1970), and 
different species of epiphyte would be expected to respond to this in different ways. 

Stocker & Mort (1981) and Bartareau & Skull (1994) indicated that the intensity, 
frequency and season of occurrence of fire present short- and long-term effects on the 
plant community, drastically shifting the succession process. This is very apparent 
in the area studied here, because all individuals found at heights under 1 m were seedlings 
(four specimens of Epiphyllum phyllanthus and one of Catasetum barbatum), having 
seemingly germinated during the previous year, that is, after the fire had been recorded 
in the area. 

The five most abundant species represent three of the richest epiphyte families (Brome- 
liaceae, Cactaceae and Orchidaceae) (Benzing, 1990; Zotz, 2013, 2016). These species have 
functional traits that reflect their adaptation to epiphytism (Benzing, 1990; Zotz, 2016), 
such as absorptive and reflective hairs (Billbergia zebrina, Tillandsia recurvata and 
T. streptocarpa), phytotelmata (B. zebrina), water-storage parenchyma in the leaves 
(T. recurvata and T. streptocarpa) or stems (Catasetum barbatum and Epiphyllum phyl- 
lanthus), leaf loss in dry seasons and trash-basket roots with velamen (C. barbatum). 
Because these species establish themselves in the upper strata (thus surviving fire), such 
adaptations allow them to survive in a stress environment such as the tree canopy of cerrado 
sensu Stricto under strong insolation, desiccant winds, marked seasonality and reduced water 
availability, these conditions representing a strong environmental filter. 


CONCLUSIONS 


The results presented here strongly suggest the influence of fire on the structure of the 
epiphytic community in the cerrado sensu stricto. The majority of individuals that survive 
in an environment prone to the occurrence of fire are concentrated in upper phorophyte 
strata, thus avoiding the direct or indirect effects of flames and their intense heat. Future 
studies comparing areas with and without the regular occurrence of fire could help to shed 
further light on this issue. 

To survive in environments of marked seasonality, several adaptations are necessary to 
resist the high hydric deficit present for at least half of the year, in addition to the intense 
insolation and the desiccation caused by wind due to the absence of a canopy in this 
savanna environment. Such an environmental filter selects generalist species that are 
mostly capable of living in a broad range of habitats and of being abundant in this limiting 
environment. 

Lastly, it is interesting to note the importance of standing dead phorophytes, which can 
host a relatively high diversity of epiphytes in an environment known to be poor in this life 
form. This is even more relevant given the reduced arboreal density in savanna environ- 
ments such as the cerrado sensu stricto. 
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